Background: Patients today are required to understand more and more complex health information, and to navigate increasingly complex health systems. As a result, they need to develop skills such as finding, processing, understanding, and applying information about health issues, which has been conceptualized as health literacy (HL). Assessing HL is critical to providing meaningful health information to patients.
Background
Although health information can increase patient knowledge and has the potential to balance communication between health-care providers and patients, the availability of information does not automatically lead to patients becoming cognizant of and more involved in the health system (1, 2) . Nevertheless, with the ever-expanding proliferation of media reports and diffusion via the Internet, patients find themselves in a world that is full of easily accessible, though unsubstantiated, health information resources (3) (4) (5) .
Therefore, an individual's skills in finding, processing, understanding, and applying information about health issues may have a considerable effect on their health and future well-being (6) . These skills have been conceptualized as health literacy (HL) and have received increasing worldwide attention (7, 8) . Poor HL has been linked to poor health outcomes such as poorer health knowledge (9) , lower self-efficacy (10, 11) , poorer medication adherence (12, 13) , poorer control of chronic illness (14, 15) , higher hospitalization rates (16) , and higher health care costs (17, 18) .
Since poor HL is often unrecognized by health providers (19) and as patients often fail to disclose their HL difficulties because they may be ashamed of their limited skills (7, 20, 21) , health workers are urged to assess the HL of their patients in order to identify patients with low HL, Copyright and who may therefore need additional support (22, 23 ).
Reviews of current HL measures show a degree of dissatisfaction among researchers and health providers concerning the theoretical foundations of the measures (22) . Measuring HL is likely to be a particular challenge (24) because no consensus has yet been achieved on how to accomplish HL skills (25, 26) . Current instruments reveal several problems. First, the HL measures that have come under scrutiny are time-consuming and impracticable in clinical settings. Therefore, the availability of a quick and inexpensive tool to identify patients with limited HL would offer significant improvements to the assessment of HL, even in busy clinical settings (2, 26) . Secondly, some researchers have defined HL as being closely linked to reading, writing and numeracy skills: "being able to apply literacy skills to health-related resources such as, prescriptions, pamphlets, medicine labels, and guidelines" (27) . Thus, most existing HL measures focus mainly on reading comprehension, whereas HL is more than a matter of functional literacy. Individuals need a broader variety of cognitive and social skills for dealing with and acting on all kinds of health information that go beyond basic reading and writing skills (28) (29) (30) .
Nutbeam has introduced a detailed and concrete framework for HL, which includes three levels (29) . Basic or functional HL includes reading and writing skills. These skills allow people to function more effectively in their daily lives. Communicative or interactive HL includes additional skills that allow people to extract related information from various communicative channels and use them in order to change the situation. Finally, critical HL refers to the more advanced skills that are required for information analysis and the ability to use knowledge to apply more control on life events and situations (8, 29, 31) .
Recently, Ishikawa et al. (31) have developed a selfreported HL scale that follows Nutbeam's model. Unlike existing HL instruments, this scale, which measures all three levels, looks to be a promising tool for measuring the full spectrum of HL (2). Ishikawa et al. examined the threefactor structure of HL in a sample of patients with diabetes (31) . The FCCHL scales are simple and easy to use and have also been validated in a Dutch version (2) . The use of the FCCHL application is well documented as a screening tool in research settings (32) .
Considering the importance of HL, both in terms of research and the health system, the availability of a reliable and valid instrument to measure HL is essential in order to improve delivery services in the health system.
Objectives
The objectives of this study were two-fold:
(1) To translate and adapt the English version of the FC-CHL scales to the Persian language, ensuring that the translated and original versions are cross-culturally equivalent.
(2) To determine the psychometric properties of the Iranian version of the FCCHL scales.
Patients and Methods
This methodological study, which used a crosssectional design, was conducted in Isfahan, in the central region of Iran, in 2014. The study was carried out in two phases. In the first phase, we obtained a cross-culturally equivalent Iranian version of the FCCHL scales. The next phase aimed to determine the psychometric properties of the Iranian version by examining convergent validity, construct validity, and by testing internal consistency and test-retest reliability. (33) . In the present study, the cross-cultural adaptation was performed based on these guidelines. In terms of forward translation, the English version of the questionnaire was translated to the Persian language by two bilingual translators. One of the translators was a health professional and was familiar with HL terminology, whereas the other translator was not. With regard to a synthesis of the translations, the principal author and the two translators reviewed the two initial translations. Words that were translated differently were highlighted and discussed before making a decision on the final synthesized version of the instrument. The synthesized version was then translated back to English by two independent, bilingual, and native speaking English translators who were unaware of the original English FCCHL version. An expert panel was then convened to review the current literature in order to detect and resolve any inadequate terms or concepts in the translation as well as any inconsistencies between the initial translation and the back-translated version of the questionnaire. The expert panel comprised two PhD students in health education, one nurse educator for diabetic patients, one medical doctor, the translators and two members of the research team. To quantify the extent of expert agreement, we used the content validity index (CVI). For content validity, the experts were asked to evaluate each item for simplicity, relevance, and clarity, using a 4-point Likert-type scale, with 1 being a low score and 4 a high 2
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score. For items rated as 4, we asked the expert who provided this rating to give his or her suggestions for modifying it. A CVI score of 0.78 or above indicates acceptable content validity (34) . The result of this step was the penultimate Iranian version of the FCCHL scales. At this stage, pre-testing was conducted using a convenience sample of 30 diabetic patients (based on guidelines), who were fluent in the Persian language. We asked the respondents to complete the questionnaire and comment on words or sentences that were difficult to understand. Unclear words were discussed with members of the expert panel and the target group. According to the result of the discussion, final adjustments were made based on the subjective judgment of the research team. The mean and variance scores of each item were examined through descriptive statistics for item analysis. If the mean of an item greatly diverged from the total item mean or if its variance was near zero, that item was dropped. The outcome of the first phase of the study, described above, was a supposedly equivalent instrument in the Persian language, which had been adapted for the local culture.
Second Phase (Psychometric Properties of the Instrument)
The cross-cultural adaption does not indicate any equivalence of psychometric properties. In the process of translating and adapting the original questionnaire, these properties may change. Therefore, a cross-sectional study was conducted to evaluate the psychometric properties of the culturally-adapted questionnaire by examining convergent and construct validity, and also by testing internal consistency and test-retest reliability.
Recruitment of Clinical Subjects
This study was conducted between May and July in 2014. A total of 200 Iranian patients suffering from type 2 diabetes were recruited from the Hazrate-Ali diabetes clinic using the convenience sampling procedure. The Hazrate-Ali diabetes clinic is a government health center affiliated to the Isfahan University of Medical Sciences, which provides comprehensive management and education to over 1500 individuals with type 2 diabetes. The study sample size was estimated as proposed by Bentler & Chou with a minimum of 5 subjects and a maximum of 10 for each parameter (35) . The Kaiser-Meyer-Olkin (KMO) procedure was also used as a criterion for adequate sampling in the EFA. Thirteen patients were omitted from the sample because they did not meet the inclusion criteria, did not agree to participate, or did not complete the questionnaire. The final sample therefore consisted of 187 diabetic patients. Inclusion criteria were that patients: (1) were aged 25 years and above; (2) had been diagnosed with type 2 diabetes ≥ 1 year; (3) had an appropriate location to answer the questions; (4) had no cognitive problems or mental disease; and (5) participated voluntarily in the study. All participants signed letters to confirm their informed consent.
Measures
Socioeconomic data included age, sex and educational level. The 14-item FCCHL scales were used to assess HL. The scales include five items each for functional and communicative HL, and four for critical HL. Each item was rated from 1 (never) to 4 (often). To obtain scores for each subscale, the scores for the items in each subscale were summed and divided by the number of constituent items. Scores were recoded for functional HL, and mean scores were calculated for each scale ranging from 1 (low HL) to 4 (high HL). Higher scores indicate higher levels of HL and, in contrast to most HL screening tools, there is no cut-off point. The FCCHL scales do not classify patients' HL levels as adequate or inadequate. The original FCCHL scales have acceptable internal consistencies of functional (α = 0.84), communicative (α = 0.77), and critical (α = 0.65) HL. Cronbach's α of the total HL scale was reported as 0.78 (8) . At the time of the study, there were two valid screening tools for HL: S-TOFHLA and Newest Vital Sign (NVS) (36) . Both tools measure reading and numeracy skills. We decided to use the Iranian version of S-TOFHLA to test FCCHL for convergent validity. This was because NVS is based on reading the nutrition label from an ice cream container and our target group comprised diabetic patients for whom eating ice cream is not in keeping with their dietary recommendations. The S-TOFHLA is a two-part test. The first part comprises a four-item numeracy test using medical information or labeled prescriptions. Participants read the scenarios and then answer the questions. Reading comprehension forms the second part of the test, and includes 2 prose passages and 36 items. Participants read text passages where particular words have been deleted and replaced with blank spaces. They are asked to fill in the blanks using words from a multiple-choice list. In our S-TOFHLA, each question in the first part was multiplied by 7, and each item in the second part was multiplied by 2 to create a score from 0 to 28 for numeracy, and 0 to 72 for reading comprehension. The sum of the two parts produced the S-TOFHLA score, which can range from 0 to 100 (37) . For the original S-TOFHLA, Cronbach's alpha was 0.68 for the 4 numeracy items, and 0.97 for the 36 items in the 2 prose passages (37) . In a previous study, the Cronbach's α coefficient of the Iranian version of the S-TOFHLA was 0.69 for numeracy and 0.78 for reading comprehension (36) .
Statistical Analysis
All analyses were conducted using SPSS (version 16.0) and Amos Graphic (version 18.0) software. To examine the psychometric properties of the Iranian version of the FC-CHL scales, several tests were used. Internal consistency was calculated using Cronbach's' alpha coefficient: an alpha score equal to or greater than 0.70 was considered acceptable. The Pearson correlation coefficient was used for test-retest reliability. Thirty subjects completed the questionnaire twice, with a two-week interval between assessments. Convergent validity was assessed by the Pearson product moment statistic (Pearson's correlation coefficient = r) between subscales of FCCHL and S-TOFHLA. Here, an r equal to 0.40 or above was considered satisfactory. EFA was performed using principal axis factoring via the promax rotation method. The Kaiser-Meyer-Olkin (KMO) measure for sampling adequacy and Bartlett's test of sphericity were also used. KMO indicates the proportion of variance in variables that can be explained by underlying factors. High values (> 0.7) indicate that the sample size is adequate for data. A scree plot was used to determine the optimal number of factors. The relationships between items and factors were determined based on factor loading values of 0.3 or higher.
In addition, CFA was employed to assess the factorial validity of the FCCHL scales. The following indices were used to evaluate model fit according to the recommendations of Hu et al. (38) : the comparative fit index (CFI), the Tucker-Lewis index (TLI), the root mean squared error of approximation (RMSEA), and the normed χ 2 (χ 2 /df) and parsimonious normed fit index (PNFI). The following cut-offs were used for acceptable fit: CFI ≥ 0.90, TLI ≥ 0.90, RMSEA ≤ 0.08, normed χ 2 < 5, and PNFI ≥ 0.50 (38).
Ethical Considerations
Ethical approval was received from the Isfahan University of Medical Sciences (ID: 393268, Date: May 10, 2014) and the Isfahan provincial deputy of health. The aims and procedures of the study were explained to the participants. The anonymity and confidentiality of the study were assured and the participants then signed informed consent letters. The investigators guaranteed that there were no conflicts of interest.
Results
The characteristics of the sample and the HL scores are described in Table 1 . The mean score was the highest on the communicative subscale and the lowest on the functional subscale. As functional HL assesses whether a participant has adequate reading and writing skills to understand and follow basic health information, these results indicate that the diabetic patients in the sample probably had difficulties with written material. Age was negatively associated with functional (r = -0.15, P < 0.05) and critical (r = -.19, P < 0.01) HL. A low level of HL in functional, communicative and critical (P < 0.001) subscales was found to be more prevalent in participants who had a low educational attainment. Sex was not associated with HL levels. 
First Phase (Cross-Cultural Adaptation)
There were no discrepancies between translations, and all items were retained for expert review. In qualitative evaluation of the tool, based on an expert panel, some adaptations were made to the wording of four items in the FCCHL scales. Item 1 in the functional subscale, which read "found that the print was too small to read", was modified to: "found that the words of the print were too small to read". Item 4, in the communicative subscale, which read "communicated your thoughts about your illness to someone", was modified to: "communicated about your illness to someone". Item 5, in the communicative subscale, which read "applied the obtained information to your daily life", was modified to: "applied the obtained information about your disease to your daily life". Item 4, in the critical subscale, which read "collected information to make health-related decisions", was modified to: "collected sufficient information to make health-related deci-sions". Experts also provided written feedback on the clarity, simplicity and relevance of the content of FCCHL items. The average CVI of the Iranian version of the FCCHL was 0.82.
In pre-testing, we asked patients to complete the questionnaire and remark on words or sentences that were tough to comprehend. We also asked patients to suggest words or phrases that could be used to avoid misunderstanding or confusion. Various problems were encountered by the participants, mostly with regard to the critical subscale. Most patients found it difficult to understand item 1 in the critical subscale. They often failed to understand what was meant by "applicable to your situation". Some examples were provided to enable participants to understand this item. Patients also had problems with items 2 and 3 in the critical subscale. They commented that answering these questions depended on the information sources available. Patients reported that they query the credibility, validity, and reliability of the information that they receive from sources such as the Internet or friends, but that they usually trust information from physicians, nurses or other health care providers. Therefore, we stated that this question was about sources other than health care professionals. A few other points were mentioned by participants about the wording of other questions. These were all discussed with members of the expert panel and, according to the results of the discussion, final adjustments were made based on the subjective judgment of the research team.
Based on item analysis results, the range of the mean score was from 1.84 to 2.65, and the range of the variance score was from 0.88 to 1.21. The item-total correlations were all positive and ranged from 0.84 to 0.89 for functional HL, from 0.73 to 0.82 for communicative HL, and from 0.71 to 0.78 for critical HL. There was no evidence of floor or ceiling effects, and the value of the skewness for the items was mostly below one.
Internal Consistency and Test-Retest Reliability
Cronbach's alpha coefficient was acceptable (α = 0.82) for all items on the FCCHL scales. It was also acceptable for functional, communicative, and critical items (α = 0.91, 0.80, and 0.76, respectively). The test-retest reliability coefficient was 0.85 (P < 0.01), which indicates that the instrument is stable over time.
Convergent Validity
Pearson's correlation coefficient revealed a moderately positive association (r = 0.45; P < 0.01) between the scores on the functional HL and the Iranian version of the S-TOFHLA. A moderate correlation (r = 0.30; P < 0.01) was also found between the communicative HL scale and the S-TOFHLA. Non-significant small correlations were found between critical HL and the S-TOFHLA. Correlations between both total scores on the FCCHL scales and the S-TOFHLA were weak to moderate (r = 0.16; P < 0.04).
Construct Validity
Principal axis factoring via the promax rotation method was performed in order to obtain the best fitting structure and the correct number of factors. In this step of the EFA, the KMO index was equal to 0.821, and the results of Bartlett's sphericity test were significant in the confidence interval of 95% (χ 2 = 1606, df = 91, P < 0.001).
As expected, the structure of three distinct domains is clearly present. The analysis revealed three factors with an eigenvalue > 1, which jointly accounted for 65.77% of the total sample variance ( Table 2 ). The scree plot also indicated the three factors solution (Figure 1 ). The promax rotation showed the three factors emerging from a total of 14 items, all loaded above 0.40. All five functional and communicative HL items loaded on these components, but similar to the original version of the FCCHL, the first question of the critical HL subscale loaded on both the second and third components, with the difference that, in our study, factor loading on the second component is almost high. The results are shown in Table 3 . Based on the results of the EFA, the hypothesized measurement model included functional HL as a latent variable with five items as indicators, communicative HL as a latent variable with five items as indicators, and critical HL as a latent variable with four items as indicators. CFA results indicated that the data had acceptable fit indices for a three-factor model of the HL scales. The results are shown in Table 4 .
Discussion
In this ever-changing and developing era of science and practice, the need for patients to be "health literate"
Iran Red Crescent Med J. 2017; 19(1):e29700. 5 is stronger than before. Nowadays, patients need to participate in more complex self-care regimes, must be able to comprehend multifaceted health information, and find their way around a complex health system (39) . Therefore, it is critical to assess a patient's HL in order to offer additional support and easy-to-understand health information based on the patient's HL level. In this regard, the purpose of this study was to provide a reliable and valid instrument for use in both research and in health systems in Iran.
First, a multi-stepped translation and back-translation process was undertaken during the development of the Iranian version of the FCCHL scales. Although the procedures were carefully designed, based on Beaton's guidelines, we could not ensure that the translation was adequate because of the differences in language and culture.
However, we asked the translators to emphasize conceptual rather than literal translation and also to consider the typical respondent for the instrument. We also asked them to provide all reasonable options and to think thoroughly about problematic question items and response choices before the expert meeting. A number of items with problematic words or phrases that did not completely capture the concept were identified and resolved. A complete translated version of the FCCHL scales was produced, and the content validity of the questionnaire was supported based on the evaluation of the expert committee.
According to patients' comments, some items on the FCCHL scale were changed in order to provide a more culturally appropriate wording and also to give more understandable content. Item analysis is an extra means to de-6 Iran Red Crescent Med J. 2017; 19(1):e29700. tect weaknesses in measurements and can evaluate how well each item contributes to the whole (40) . In this study, the mean and variance scores of each item, item-total correlation, confirmed that the items were homogenous to the scales. Another important issue is whether the Iranian version of the FCCHL scales can be used for Iranian patients. Accordingly, the psychometric properties of the questionnaire were evaluated. The findings suggest that the FCCHL scales are a reliable and valid measure of HL among Iranian patients, and can be used for the assessment of a wide range of HL skills. The internal consistency of the HL scales was acceptable (α = 0.82) and indicated a satisfactory degree of consistency between items for each subscale (α = 0.76 to 0.91). Similar results have been reported for the original measure (31) and also for the Dutch version of the measure (2). The Pearson correlation coefficient also indicated good consistency of the test results over time (r = 0.85, P < 0.01).
The FCCHL scales have been tested for convergent validity. We examined the relationship between the FCCHL scales and the Iranian version of the S-TOFHLA two different tools measuring the same concept to provide evidence of the instrument's ability to measure the HL concept. A moderate positive correlation was found between the functional HL subscale and the Iranian version of the S-TOFHLA. On the other hand, the correlation between the FCCHL scales and the Iranian version of the S-TOFHLA was weak to moderate. This result was anticipated as the FCCHL scales assess a broader range of HL skills, including communication and critical capacities, whereas the S-TOFHLA only measures the functional concept of HL whether a participant's reading and writing skills are sufficient to comprehend and follow simple health information. These results provide evidence that the FCCHL scales successfully measure the HL concept.
The construct validity of the FCCHL scales was assessed through factor analysis. The results support a three-factor structure for the instrument and were consistent with a previous study for the Dutch version (2). All items loaded above 0.40, and similar results were reported for the Dutch version, with standardized factor loadings ranging between 0.58 and 0.95 (2) . In this study, the first question in the critical subscale ("considering whether the information was applicable to your situation") was loaded in both communicative and critical factors. In Nutbeam's framework for HL, patient skill in critically analyzing information and using that information to exert greater control over life events and situations is referred to as the critical concept of HL. This question was therefore based precisely on this definition, and we included this item in the critical HL subscale because of the theoretical definition even though factor loading on the communicative component was higher than on the critical component. The FCCHL scales accounted for 65.77% of the variance in total HL scores. Functional, communicative, and critical HL accounted for 27.07%, 22.46%, and 16.23%, respectively, of the variance. This rate was similar to results for the original questionnaire (8) . The CFA results confirmed that the data had a good fit with the three-factor scale. The results of psychometric evaluation of the Dutch translation of the FC-CHL scales also indicated that model's fit was good (2) .
To the best of the authors' knowledge, this is the first study in which cross-cultural adaptation and the psychometric properties of the multidimensional scale for HL have been evaluated in Iranian patients with type 2 diabetes. This is also the first time that a version of the FCCHL scales has been tested for convergent validity using a valid questionnaire such as the S-TOFHLA. It seems that the main weakness of this study relates to the unsuccessful generalizability of results to all Iranians with type 2 diabetes. It is also possible that patients with very low HL declined to participate in this study, and we have no data on the sociodemographic characteristics of those who refused to participate. Consequently, additional research is both recommended and necessary to confirm the study findings.
In general, the current study indicates that the Iranian version of the FCCHL scales is a reliable measure for assessing HL. However, as the FCCHL scales are a recently developed measure, additional studies are needed to confirm their reliability and validity and to focus on other psychometric properties of the questionnaire. Although use of convenience sampling from one diabetes clinic may be supposed to limit the generalization of the results, the re-sults are nevertheless of major significance for Iranian patients with type 2 diabetes.
